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Abstract 
Macro-Femtocell system has been widely used in current applications. The 
cooperation between Macrocell BSs (BSs) and Femtocell BSs can improve the 
communication capacity of certain areas and meet the large needs of multi-users. 
Generally, using the feedback information from the Femtocell BSs and users, this 
dissertation confirms the main factors that affect the establishment of system 
interference [1]. Based on the assumptions for the dense Femtocell environment, 
the adjacent antenna interference radius is discussed. However, there are a few 
unresolved problems associated with the Macro-Femtocell system.  
1) Firstly, the users usually choose the BS that offers the highest communication 
service. It will result in the overuse of Macrocell BSs and leave Femtocell BSs 
idle. Therefore, the system utilization is very low [2].  
2) Secondly, the users’ selection is prevalent and invalid choice will result in 
diminished communication quality [3].  
3) Thirdly, network congestion and network’s load imbalances will be occurred 
by invalid BS choice. 
 This dissertation proposes an optimized efficient utilization scheme for Macro-
Femtocell network.  
1) First, this dissertation proposes an efficient utilization scheme based on the 
Optimized transmit power control strategy theory. The scheme can not only 
keep the high communication quality of the system. And it will also keep the 
system’s load balance by appropriately increasing the Femtocell BS 
transmitting power. 
  
2) Second, this dissertation presents a method to predict received signal strength 
(RSS) which could be the basis for BS selection.  
3) Third, the comparison which based on proposed algorithm presented in the 
scenario could allocate the priority for BS selection. 
Then this dissertation applies the optimized efficient utilization scheme in a 
cellular vehicle-to-everything (C-V2X) system. This system provides the more 
comfort, more mobility, and more safety and more efficiency of vehicles service. 
Generally, the only one Macrocell or one femtocell is used in the communication 
service for a C-V2X system. In this dissertation, the Macro-Femtocell network is 
used to propose to support C-V2X networking architecture. To evaluate the 
proposed mechanism, this dissertation simulated the traditional way and our 
proposed BS selection policy when the vehicle moves at different speeds. The 
simulation results demonstrate that the traditional BS selection policy can only 
used at high speeds, and our proposal could apply in different speed. Then, this 
dissertation compares proposed policy and previous policy. Our solution can 
avoid the connection number reach the limitation of channel number. It can 
effectively avoid the risk of system overload. 
The remainder of this dissertation is organized as follows: 
In Chapter 1, this dissertation is introduced. This chapter includes the introduction 
of the ongoing development of wireless network, optimization models, Macro-
Femtocell networks and automatic driving systems. 
In Chapter 2, this related work is introduced. The traditional proposed spectrum 
allocation approach is presented. To smoothly transition to the next chapter, this 
chapter discusses the interference parameters in the Macro-Femtocell system. 
  
With the design of the optimization model, the interference radius of the BSs can 
be obtained. 
In Chapter 3, this chapter proposes an efficient power utilization scheme for 
Macro-Femtocell networks. The Optimized transmit power control strategy 
selection process provides an efficient basis for the users to have the best strategy 
for guaranteeing the system quality and realizing the rational allocation of system 
resources. 
In Chapter 4, According to the vehicle's movement direction and speed, this 
chapter proposes a method to predict the probability of the next step displacement. 
As the vehicles compete for the Femtocell BS resources, the sorting of vehicles 
can yield different sorting sequences. By comparing the maximum value function 
for each strategy, the best solution for the BS choice can be obtained. 
In Chapter 5, this chapter introduces an optimized utilization scheme for 
application in an automatic driving system. 
In Chapter 6. The study’s conclusions are given, and future work is outlined.
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 Chapter 1 
Introduction 
1.1 Ongoing Development of Wireless Networks 
In 1978, Bell Labs of the United States developed the Advanced Mobile Phone 
System (AMPS). For the 1G era, which relied on analog communication, this 
technology was a big step. Since then mobile communication has begun to develop 
rapidly. In the 21st century, mobile communication standards have evolved from 
1G to 2G, 3G, and 4G, which is now popular, and 5G communication technology 
is about to emerge in the future. The communication speed and communication 
quality have been greatly improved, which brings great convenience to people's 
lives and social development [3].  
2G mobile communication technology uses digital signal transmission, which is 
faster, more stable and longer than analog signal transmission. The 2G 
communication technology is represented by GSM and IS-95. Compared with the 
analog mobile communication, 2G improves the spectrum utilization, supports 
multiple services, and is compatible with ISDN and other services. The main 
transmission services of second-generation mobile communication system are 
voice and low-speed data, so it is also called a narrowband digital communication 
system.  
Third-generation mobile communication was first proposed by the International 
Telecommunication Union (ITU) in 1985 [4]. The system operates in the 2000 MHz 
band with a maximum service rate of 2000 kbps. It was expected to be 
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commercialized in the year 2000 with the goal of mobile broadband multimedia 
communication. The core technology of the third-generation mobile 
communication standard is CDMA. The characteristics of 3G wireless transmission 
technology are as follows: 
1） High transmission rate and support for multimedia services. 
2） Different speeds for different communication environments: in the indoor 
environment at least 2 Mbps, indoor and outdoor walking environment at least 384 
kbps, for outdoor vehicle movement at least 144 kbps, and in the satellite mobile 
environment at least 9.6 kbps. 
3） The transmission rate can be allocated on demand, and the uplink and downlink 
can adapt to the asymmetric demand. 
The most important feature of the third-generation mobile communication is the 
intelligence of mobile terminal. Its validity and reliability are significantly 
improved compared with that of 2G. 3G technology has excellent performance in 
encryption protection and anti-jamming communication, and it is characterized by 
high effectiveness and reliability. 
After 3G technology, a communication technology called LTE（Long Term 
Evolution）was developed. However, LTE is not 4G (fourth generation mobile 
communication system). The real 4G started in 2012. On January 20, 2012, the 
International Telecommunication Union ITU adopted the 4G (IMT-Advanced) 
standard, which has four types, namely LTE, LTE-Advanced, WiMAX and Wireless 
MAN-Advanced.  For the current variety of 4G technology standards, they will 
continue to grow and integrate in the process of evolution and standardization. This 
has made the 4G communication become a more stable and efficient mainstream 
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communication technology. Now mobile communication has entered the era of 4G 
communication popularization. 4G mobile communication has supported the highly 
developed mobile phone and software industry and has become an important 
cornerstone of the intelligent systems era. 
In early 2013, the EU launched a project for 5G R&D in the 7th Framework 
Program, and the 5G technology began to enter the research phase. In the context 
of digitalization and globalization, the demand for mobile communication has also 
increased [5].4G communication needs to develop higher communication speeds 
and reliable communication capabilities. The 5G era will realize imaginative and 
specific research in the implementation of 5G. The 5G communication system will 
have the following characteristics:  
1) 5G mobile communication technology will have an improved user experience, 
network average throughput rate and transmission delay.   
2) 5G mobile communication technology uses a higher frequency band spectrum. 
3) The core technologies of 5G mobile communication are mainly high-density 
wireless network technology and large-scale MIMO wireless transmission 
technology. 
After more than 20 years of development, mobile communication technology has 
developed from original analog sound signal transmission to become an important 
foundation of various forms of information dissemination in the information age. 
Through years of experience and continuous improvement, the communication 
capabilities have been rapidly improved. The main challenges faced by 5G mobile 
communication projects are high-dimensional channel modeling and estimation 
and complexity control. In the future research, with the continuous cracking of the 
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5G core technology challenges, the technical research and standards development 
will continue to improve, with the continuous solution of 5G core technology 
problems and the continuous improvement of the technology research and standard-
setting. 5G mobile communication technology will become the mainstream mobile 
communication mode in the future, creating more possibilities in the digital 
information age and promoting the further development of society. 
1.2 Optimization Model 
With the continuous development of communication technologies, the demand for 
wireless and mobile applications is increasing. This puts forward many new 
requirements for the new generation of wireless communication networks. The 
most important problem is how to reasonably allocate network resources to ensure 
the rational application of network resources in a time-varying heterogeneous 
network environment. Therefore, to improve the utilization of the network 
resources, this dissertation proposes the use of an optimization model to ensure the 
final optimization of the resources, cost and performance solutions [6].  
1.2.1 Optimization model Applied in Wireless Network 
Optimization models based on different theories and methods can be used to study 
competition and cooperation phenomena.  As a formal framework, an optimization 
model formulates the direct interactions among the behaviors of independent 
participants and considers how participants make decisions and the impact of 
decisions on the system balance. The greatest use of optimization models is to find 
the equilibrium point through the corresponding game process. The equilibrium 
point represents the optimal strategy. The user's behavior in a wireless network is 
limited. For example, in a Macro-Femtocell system, the user can only select the BS 
which receives the largest signal strength as the transmission BS. However, this 
selection method may cause unnecessary interference due to an excessive user 
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density, which may result in an extreme BS load. At the same time, different BSs 
have different performance levels. Cooperation needs to be ensured to maximize 
the utilization of system resources. The selection of the BS by the BSs themselves 
may also result in an uneven distribution of system resources due to the uneven 
allocation of system resources. Therefore, an optimization model is used to solve 
many design problems in wireless communication networks, such as network 
resource allocation, power control, and access control [7].  
1.2.2 Optimized transmit power control strategy 
In this dissertation, a solution using the Optimized transmit power control strategy 
to control the BS transmission power is proposed. The Optimized transmit power 
control strategy, which introduces the sequence of participants actions, is a 
continuous competitive model. The model is dynamic when the participants make 
their decisions in sequence. As one of the participants acts first, the participants can 
observe the strategy of the first actor, and according to the strategy of the first actor, 
act on the premise of guaranteeing their own advantages. This process will provide 
the best solution. This repeated mechanism can effectively cope with the imbalance 
of system resources and improve the utilization rate of system resources [8].  
1.2.3 Markov Decision Policy  
In recent years, machine learning has been widely used in various applications. In a 
Macro-Femtocell system, the BSs can also propose the best resource allocation 
scheme according to different network conditions for the reinforcement of the 
allocation principle. In machine learning, the Markov decision policy is widely used. 
When the system starts from the initial state, it needs to select an exact state in each 
time step process, and the process responds randomly to move to a new state in the 
next time step, which will be rewarded accordingly. In other words, the probability 
of each choice made by the system is only related to the previous one and does not 
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depend on of all the previous states. However, when the system wants to achieve a 
certain goal, the system can transfer to the goal step by step according to the existing 
state and obtain the sequence for the highest reward state [9]. 
1.3 Macro-Femtocell Network 
In mobile communication networks, regular hexagonal wireless cells are usually 
adjacent to each other to form a planar service area.  Because the service area is 
shaped like is cellular, this type of network is called cellular network. The traditional 
cellular network is composed of Macrocells, and the coverage radius of each cell is 
usually 1  to 25 km, additionally, and the BS antenna is made as high as possible. 
There are usually two problems encountered during the use of Macrocells [10].  
1） "Blind spots". Due to the shadow area caused by the obstacles encountered in 
the propagation of radio waves, the communication quality in this area is seriously 
degraded. With the development of wireless technology, 5G signals usually use 32 
GHz high-frequency signals. The signal transmission speed is fast, and the 
bandwidth is high, which can meet the communication needs of a large number 
demand of users, but the diffraction effect is very poor. In cities with a high density 
of high-rise buildings, the communication quality will be seriously affected. 
2）“Hot spots”. These are busy areas form due to the uneven spatial distribution of 
network traffic. 
With the rapid growth in the business demand, Femtocell technology has emerged. 
The coverage radius of a Femtocell is 30 m to 300 m. The BS antenna is lower than 
the height of the roofs. The transmission is mainly along the street line of sight, and 
the leakage of the signals on roofs is small. Since the Femtocell was originally used 
to increase the radio coverage and eliminate the "blind spots" of Macrocells, the 
Femtocell BS with a low transmission power allows a smaller frequency 
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multiplexing distance and a larger number of channels in each cell area. In this way, 
the traffic density is greatly increased, and the radio frequency interference is very 
low. Placing it in a Macrocell "hot spot" can meet the quality and capacity 
requirements of the micro-area. 
In fact, Femtocells are mainly placed in "hot spot" area within a Macrocell’s 
coverage. Different cells overlap, and BSs with different levels of transmission 
power exist side by side, which makes the whole communication network present a 
multilevel structure. As a Femtocell is seen as a complement to a Macrocell, 
Femtocells are relatively simple in design. The Macrocell BS usually acts as a BS. 
The data upload requests collected by users and Femtocell BSs are distributed 
uniformly by a Macrocell BS according to the system requirements. Therefore, a 
Macro-Femtocell system is usually a multicellular system consisting of an upper 
Macrocell BS and several lower Femtocell BSs. The concept of Macro-Femtocell 
system for networking design can significantly improve the system capacity and 
performance. 
1.4 Automatic Driving System 
With the notable developments in new energy technologies and considering the 
increased enthusiasm about the future of automatic driving, electric vehicles are 
gradually beginning to replace traditional cars. In smart grid technology, electric 
vehicles are regarded as nodes in the power grid. The data in the nodes are processed, 
and the overall planning and management of the system is performed through a grid 
server to achieve automatic driving. Clearly, various factors need to be considered 
to create automatic driving technology. In addition to the sensors used for obtaining 
the road condition information, from the perspective of the smart grid, V2X 
technology is also being developed as a sensing method for automatic driving [11].  
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Figure 1.1 C-V2X system 
As shown in Figure 1.1, the entire C-V2X system mainly consists of three control 
components. The DSRC is mainly responsible for short-distance communication. 
All the users in the network, including the nearby pedestrians and vehicles, can 
achieve safe motion by controlling the speed and direction of the vehicle. The 
roadmap provides the direction of the vehicle’s movement through the network 
road information, and the system can obtain the best path through the feedback of 
the road information. The Macro-Femtocell system utilizes the existing 
communication BS to transmit the existing vehicle-related information to the 
system, thereby integrating the system resources and assigning the corresponding 
instructions to the vehicle. 
Obviously, there are many problems that need to be solved to implement 
autonomous driving. The DSRC technology relatively mature, especially in short-
range communication applications such as AVI and ETC. This technology consists 
of the underlying IEEE802.11p communication protocol and the IEEE1609 series 
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of standards. The DSRC uses the 5.9 GHz band and has a characteristic first 
transmission delay. Cellular communication can solve problems such as off-road 
coverage, profit mode, capacity, and security problems. The deployment is 
relatively easy since the spectrum allocation is relatively flexible, and the 
transmission is reliable. As in all generalized networks, cellular networks face many 
problems. 
1.4.1 V2X Technology 
V2X, vehicle wireless communication technology, is a new generation of 
communication technology that connects vehicles to everything. V stands for 
electric vehicles, and X stands for any object that interacts with the electric vehicles. 
X mainly includes vehicles, pedestrians, and communication-related infrastructure. 
V2X interactive information modes include: between vehicles and vehicles (V2V), 
between a vehicle and a road (V2I), between a vehicle to a person (V2P), between 
a vehicle and a network (V2N), and between a vehicle and a building (V2B). V2X 
organically connects vehicles with traffic parameters, concerning people, vehicles 
and other road conditions. V2X can not only perceive more information, but it also 
promotes the innovation and application of autonomous driving technology. V2X 
is also conducive for building a smart transportation system to improve traffic 
efficiency and reduce pollution. Saving energy, reducing the incidence of accidents, 
and improving traffic management are of great significance. [12] 
In the V2X technology, DSRC (dedicated short-range communication) technology 
is now widely used.  DSRC divides a 75 MHz wideband in the 5.9 GHz band into 
a dedicated traffic safety band. The target communication range is within 1 km. The 
DSRC is mainly composed of three parts: the on-board unit (OBU), road-side unit 
(RSU), and dedicated short-range communication protocol. 
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The on-board unit and the roadside unit are equipped with an oscillator that emits 
electromagnetic waves. The roadside unit automatically recognizes the vehicle and 
performs target detection, and image capture by means of a communication device 
installed near or above the lane. It also contacts with the onboard unit through a 
dedicated short-range communication protocol. 
Therefore, DSRC is an effective tool for obtaining real-time information on vehicles. 
In addition, the speed of the vehicle can be controlled in real time, ensuring safe 
travel. 
1.4.2 C-V2X Technology 
In a review of vehicle safety using different developed algorithms, more references 
were discovered on how DSRC (dedicated short-range communication) provides 
solutions to different problems. However, in order to ensure the synchronization of 
the road condition information, the environment of the network must be considered. 
Choosing the best path in autonomous driving often depends on wide- area 
communication technology. At the same time, wide-area communication 
technology helps to avoid road congestion, and it is more conducive to achieving 
true automatic driving through real-time uploading and coordinated management 
of data during vehicle driving. Due to the complexity of the network environment, 
to ensure the transmission efficiency of a large amount of data communication, the 
development of cellular mobile communication technology ensures the service 
quality of V2X. Cellular communication technology could be used to develop this 
system, which is called C-V2X [13].  
1.5 Challenge of Communication Quality 
According to the above system communication quality considerations, some 
problems need to be addressed, as outlined below 
 17 
1) First, users usually select the BS which offers the highest communication service. 
This will result in the Macrocell BS load to become too large and leave the 
Femtocell BSs idle. Therefore, the system utilization is very low.  
2) Second, for autonomous vehicles, the variables in complex environments, such 
as the random automatic movements, often have more than one feasible path, and 
it is difficult to predict the user's next position. 
3) Third, because the Femtocell BS has an upper limit of use, when the Femtocell 
BS is overloaded, unnecessary interference and signal interruption are generated.  
1.6  Contribution of the Dissertation 
To address the above challenges, this dissertation proposes an optimized efficient 
utilization scheme for the Macro-Femtocell network. 
1) First, the dissertation proposes the utilization of an efficient scheme based on 
Optimized transmit power control strategy theory. It appropriately increases the 
transmission power of the Femtocell BS. This can keep the high communication 
quality and guarantee load balance in the system.  
2) Second, we predict the received signal strength from two types of BSs based on 
the current state of the vehicle  
3) Third, the dissertation proposes a novel mechanism of BS selection. The 
predicted selection strategy of all the independent vehicles can be used to obtain 
the optimal selection strategy. 
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Chapter 2                                                        
Related Work 
Summary In this Chapter, the related work is introduced, and the proposed traditional spectrum allocation approach is  presented. The interference parameter can be discussed in the Macro-Femtocell system is discussed, and the interference radius of the BSs is obtained with competition. 
2.1 Introduction 
With the development of wireless communication, the wireless communication 
equipment comprises most of the cellular network. With the emergence of new 
technology, such as big data, 4K, AI (artificial intelligence) and so on, the demand 
for information is increasing; thus, an explosive amount of data traffic has brought 
enormous challenges to the traditional cellular network. According to the statistics, 
50 % of voice service and 70 % of data service occurs in indoor facilities. However, 
the costs of Macrocell BSs which is used for the remainder of the high data rate 
services are too high. Therefore, the 3GPP proposed a relatively low coverage of 
the home BS in 2007, named the Femtocell. Femtocells reduce the distance between 
the sending and receiving ends and can significantly reduce the transmission power. 
In addition, the achievement of spectral multiplexing greatly improves the quality 
of communication in small ranges, and thus they are widely used in these 
environments [14].  
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Femtocells can effectively improve communication quality indoors at a relatively 
low cost, and the user can purchase and install them autonomously. However, in 
terms of the antenna communication, the mutual interference among antennas will 
interfere with the trans-mission quality. If another antenna becomes too close, it 
will seriously affect the transmission efficiency of the users. Due to the randomness 
of the Femtocell network topology, the traditional channel allocation solution based 
on the spectrum cannot be applied.  
2.2 The Proposed Spectrum Allocation Solution In Macro-Femtocell, each BS has some options for frequency allocation. As shown in Figure 2.1, there are three methods to allocate spectrum, co-channel operation, dedicated channel operation and fraction co-channel operation. 
 
Figure2.1 Bandwidth allocation strategies 
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In Co-channel operation, all the bandwidths are allocated to both the Macrocell BSs and Femtocell BSs. The users can make use of the entire bandwidth that is allocated to the network. As the signal is transmitted as a broadcast, the users can connect to all the BSs. It would be confusing to allow users to select the BS selection, and it would also cause more interference [15].  
In Dedicated channel operation, the entire available bandwidth is partitioned. A percentage of the network demand is given to the Macrocell BSs, and the rest is given to the Femtocell BS. In this type of operations, the transmissions from the Macrocell BSs and Femtocell BSs do not interfere with each other. However, the users will have access to only one part of the whole bandwidth, the channel capacity will be low. 
In Fraction co-channel operation, in terms of the needs with both kinds of BSs users, Bmac is the spectrum allocated to the Macrocell BS users, and Bfem is the spectrum allocated to the Femtocell BS users. Bco represents shared channel spectrum which can be used by both users. The division of the spectrum into three parts is not fixed. Interference can be reduced and the channel capacity can be increased with the support of dynamic spectrum allocation. 
2.3 Macro-Femtocell Interfere Model 
With the development of Macro-Femtocell technology. Macro-Femtocell systems 
combine the Macrocell and Femtocell BS’s technology. The Femtocell BS is 
embedded in the Macrocell BS’s coverage area to support large scale 
communication missions and improve the transmission quality in some of the blind 
spots in the transmission coverage area of a Macrocell BS. The Macrocell BS is 
responsible for the overall control. All the upstairs requests and resource allocations 
will be processed through the Macrocell BS. The positions of the Femtocell BSs 
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are located within the coverage area of the Macrocell BS. Therefore, the structure 
of the system changes from one traditional one layer into two layers [16].  
1. The first layer is the Macrocell network. In this layer, the Macrocell BS is 
positioned at the center of coverage area. The users can access a higher received 
signal strength in this layer.  
2. The second layer is the Femtocell network. It can be treated as a combination of 
several Femtocell BSs which make up the blind spots and low power areas of 
the Macrocell BS’s transmitting coverage area. 
In Macro-Femtocell network system, there are three types of interference 
parameters: 
1. Path loss or propagation loss, refers to the loss of signal propagation in space, 
caused by the radiation of the BS transmission power and the propagation 
characteristics of the channel during transmission. 
2. Same layer interference, it occurs when a signal with the same frequency causes 
interference in the system, such as that between different Macrocell BSs or the 
transmissions between Femtocell BSs. If the signal is covered with the same 
frequency, the interference cannot be reduced 
3. Cross-layer interference is the interference that occurs between different layers 
of the network. The signals between two Femtocell BSs and another Femtocell 
BS is covered by Femtocell with the same frequency, due to transmission 
interference. 
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Figure2.2 Macro-Femtocell interference model 
Figure 2.2 shows the Macro-Femtocell interference models. Because the designed 
purpose of the Femtocell BS is to supplement Macrocell BS coverage at the edges 
and blind spots, it effectively improves the communication quality. Considering the 
operating costs, it is necessary to maintain the advantage of a Macrocell BS in the 
transmission process. Therefore, I designed a Femtocell that will be deployed at the 
edge of Macrocell BS’s cover range area. In Area 1, the distances between the users 
and the Macrocell BS are small, and the cross-layer interference of the Femtocell 
BS is also small, thus in Area1, the users consist of the MUE [17].  
The OFDMA Macro-Femtocell two layers network, Femtocell sets are defined as 
collections: 
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𝐹𝐹 = { 𝐹𝐹1,𝐹𝐹2, . . .𝐹𝐹𝑥𝑥 . . . }      (2.1) 
As in this dissertation, interference only involves one Macrocell and the number of 
Macrocells y = 1 
User set:𝑈𝑈 = { 𝑈𝑈1,𝑈𝑈2, . . .𝑈𝑈𝑛𝑛 . . . } 
I=� 1，𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝑓𝑓𝑓𝑓 𝑓𝑓𝑚𝑚𝑚𝑚𝐼𝐼𝑓𝑓𝑚𝑚𝐼𝐼𝑚𝑚𝑚𝑚 𝐼𝐼𝑓𝑓 𝐹𝐹𝑈𝑈𝐹𝐹0, 𝑁𝑁𝑓𝑓 𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝑓𝑓𝑓𝑓 𝑓𝑓𝑚𝑚𝑚𝑚𝐼𝐼𝑓𝑓𝑚𝑚𝐼𝐼𝑚𝑚𝑚𝑚 𝐼𝐼𝑓𝑓 𝐹𝐹𝑈𝑈𝐹𝐹      (2.2) 
i=� 1, 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑏𝑏𝐼𝐼𝐼𝐼𝑏𝑏𝐼𝐼𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼𝑓𝑓𝑚𝑚𝐼𝐼𝑚𝑚𝑚𝑚𝑓𝑓0, 𝑁𝑁𝑓𝑓 𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑏𝑏𝐼𝐼𝐼𝐼𝑏𝑏𝐼𝐼𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼𝑓𝑓𝑚𝑚𝐼𝐼𝑚𝑚𝑚𝑚𝑓𝑓         (2.3) 
The transmission power of the x-th Femtocell is EFx, the Macrocell transmit power 
is Emac , distance from the x-th Femtocell BS to user presented by 𝑑𝑑𝑥𝑥𝑛𝑛, channel gain 
is hx𝑛𝑛; the distance from the Macrocell BS to the FUE is 𝑢𝑢𝑦𝑦𝑛𝑛, and the channel gain 
denoted as  ℎ𝑦𝑦𝑛𝑛 . In this model, the interference experienced by the users suffering 
is treated as noise interference. 
Same layer interference power of the FUE: 
𝛩𝛩1 = ∑ 𝑖𝑖𝑛𝑛𝑥𝑥=1 ⋅ 𝐹𝐹𝐹𝐹𝑥𝑥 ⋅ ℎ𝑥𝑥𝑛𝑛                       (2.4) 
Cross-layer interference power of the MUE: 
𝛩𝛩2 = ∑ 𝐼𝐼𝑛𝑛𝑥𝑥=1 ⋅ 𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚 ⋅ ℎ𝑦𝑦𝑛𝑛                        (2.5) 
So, the probability of same layer interference is as follows: 
𝑃𝑃𝑓𝑓 = 𝛩𝛩1𝛩𝛩1+𝛩𝛩2                               (2.6) 
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So, the probability of cross layer interference is as follows: 
𝑃𝑃𝑚𝑚 = 𝛩𝛩2𝛩𝛩1+𝛩𝛩2                               (2.7) 
As the analysis with interference in the system and propose the corresponding solution. Allowing the user to choose the BS needs to be discussed. Therefore, this dissertation proposes a scheme to determine the BS selection. 
2.4 Interference Radius of BSs Due to probability of main inference, this dissertation discusses antenna selection between two adjacent Femtocell BSs. If the two Femtocells are relatively independent. The frequencies of two adjacent Femtocell BSs are co-channel operation model which is a non-cooperation model. Each Femtocell BSs will cover the range of users as their own, and the other BS will be treated as an interfering BS [18].  
Three elements of this model can be defined as follows: 
1) Participants: Fx, Fx + 1 
2) Policy space: The coordinate point of Femtocell Fx is assumed to be (mi, ni), and the coor-dinate point of Femtocell Fx + 1 is assumed to be (mj, nj). Then, when a user uses Femtocell BSs Fx to transfer information, Fx +1 will be treated as an interfering antenna. When the user uses the Femtocell BS Fx + 1 to transfer information, the interference from Fx impacts the system; 
3) According to the Femtocell BS coordinates, the obtained interference radius is the interference distance, IX. 
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The empirical path loss formula can be used to obtain the transmitted signal strength by  
     𝑃𝑃𝑥𝑥 = 𝐹𝐹𝑥𝑥𝑃𝑃0 �𝑑𝑑0𝑑𝑑 �𝜉𝜉                                                       (2.8) 
where P0is the measured path loss at a reference distance d0 (typically well approximated by (4π/λ)2 for d0=1, with λ denoting the communication wavelength) and ξ is the path loss exponent. Because the critical state can be considered, the transmitted signal strength is equal to the interference signal strength, where 
     𝑃𝑃𝑥𝑥
𝑑𝑑𝑥𝑥
𝜉𝜉 = 𝑃𝑃𝑥𝑥+1𝑑𝑑𝑥𝑥+1𝜉𝜉                                                   (2.9) 
Consider a simple scenario where ξ is 2. If the coordinates of the points on the border of the coverage area of the Femtocell BS are given by (m, n), where 
  𝑑𝑑𝑋𝑋 = �𝑓𝑓 −  𝑓𝑓𝑗𝑗�2 + �𝐼𝐼 −  𝐼𝐼𝑗𝑗�2                                  (2.10) 
𝑓𝑓2 + 𝐼𝐼2 + 𝐵𝐵1𝑚𝑚
𝐴𝐴
+ 𝐵𝐵2𝑛𝑛
𝐴𝐴
 + 𝐶𝐶
𝐴𝐴
=  0                                  (2.11) 
𝐼𝐼𝑥𝑥 = �𝐵𝐵12+𝐵𝐵22−4𝐴𝐴𝐶𝐶4𝐴𝐴2                                                  (2.12) 
𝐴𝐴 = 𝐹𝐹𝑥𝑥 − 𝐹𝐹𝑥𝑥+1                                                    (2.13) 
𝐵𝐵1 = 2𝐹𝐹𝑥𝑥+1𝑓𝑓𝑖𝑖 − 2𝐹𝐹𝑥𝑥𝑓𝑓𝑗𝑗                                       (2.14) 
𝐵𝐵2 = 2𝐹𝐹𝑥𝑥𝐼𝐼𝑖𝑖 − 2𝐹𝐹𝑥𝑥+1𝐼𝐼𝑗𝑗                                        (2.15) 
𝐶𝐶 = 𝐹𝐹𝑥𝑥+1𝑓𝑓𝑗𝑗2 − 𝐹𝐹𝑥𝑥+1𝐼𝐼𝑗𝑗2 − 𝐹𝐹𝑥𝑥𝑀𝑀𝑖𝑖2 − 𝐹𝐹𝑥𝑥𝐼𝐼𝑖𝑖2                (2.16) 
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Ix could be treated as the threshold interference distance between the users and the Fx Femtocell BS. By contrasting the distance between the users and the Femtocell BS, if Ix+1<dx <Ix, Fx is treated as an interference BS. The user could be the FUE of Fx Femtocell BS. 
2.6 Conclusion In an actual communication system, the antenna parameters, distance between the antennas and mobility of users can all influence the communication quality. To decrease the impact on communication quality, effective dynamic solutions are needed, according to the feedback and user feedback information. The Macrocell BS can determine the density of interference in the system. If there is no interference, then take the solution, and equip the Macrocell BS with an exclusive channel. Then, let the Femtocell BSs share the allocated channels. The disabling of the Femtocell subcarriers needs to be performed, which will help users select BSs.  
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Chapter 3 
An Optimized Transmit Power 
Control Strategy in Femtocell BS for 
Macro-Femtocell Networks 
Summary In this Chapter, this dissertation proposes an efficient power utilization scheme for Macro-Femtocell networks. The Optimized transmit power control strategy selection process provides an efficient basis for the users to have a best strategy to guarantees the system’s quality and realizes the rational allocation of system resources. 
3.1 Introduction 
3.1.1 Macro-Femtocell system 
In the early stages of mobile antenna technology’s development, Macrocell BSs 
were widely used. The Macrocell BS could satisfy significant demand over vast 
areas, and the transmit power of Macrocell BSs is strong. However, there are two 
disadvantages that could impact transmission quality: 
a) Signal attenuation caused by building blockage; 
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b) The unbalanced load resulting from uneven distribution of the antenna. 
The invention of Femtocell technology could make up for the two disadvantages 
[19]. Femtocell BSs can effectively increase network capacity and improve the 
system’s transmission quality. Since the Femtocell BS’s transmission power is low, 
the coverage is also small. 
   Therefore, Macro-Femtocell systems combine Macrocell and Femtocell BS’s 
technology. The Femtocell BS is embedded in the Macrocell BS’s coverage. It can 
afford large scale communication missions and improve transmission quality in 
some blind spots of a Macrocell BS’s transmission coverage. 
 
Fig. 3.1 Macro-Femtocell system. 
As Figure 3.1 shows us, in a Macro-Femtocell system, a Femtocell BS acts as a 
complement to the performance of the Macrocell BS, and both of them can 
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cooperate to complete the area’s transmission task. In our model, one user could 
choose only one BS as its transmission BS. As the signal is broadcasted, when the 
user chooses one BS as its transmission station, the signals from other BSs are 
invalid. In other words, the signal from the other BSs could be treated as 
interference [20]. 
3.1.2 BS Consumption Comparison Although the BS is taking a broadcast form to transmit signals. However, as a user, only one BS can be selected as its own transmission BS. The same is true for the antennas arranged in the BS, and the user can only select one antenna to transmit signals. However, for an antenna, the angle at which the antenna is transmitted is limited. The emission angle α of the antenna can be expressed as: 
α= λ
La2
                 （3.1） 
λ represents the wavelength of the transmitted wave; La represents the antenna aperture of the transmitting antenna. 
Antenna BS consumption C can be expressed as： 
C= ρS= ρLaα =ρλ
La 
         （3.2） 
ρ represents the energy density; S represents the emission area. 
If the user selects the Macrocell BS and the Femtocell BS to transmit signals, the signal strength obtained by the user in the two BS antennas is usually the same in a critical state. When ρ is the same, the wavelength of the transmitted wave is also the same, and the larger the antenna aperture, the more energy 
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that needs to be consumed. Therefore, if the user needs to switch antennas, the Femtocell antenna consumes more energy than the Macrocell antenna. Thus, with the problems of load unbalance in Macro-Femtocell system, the intuitively solution is to change the strategy of Femtocell BS. 
3.1.3 Handover  
When the user moves among the coverage of the Macro-Femtocell system, the 
signal is broadcasted. Ordinarily, the user will send a signal request to the 
neighboring BS [21], and the system will compare the signal strengths that the user 
received. Then, data centers will determine the distribution to the user’s suitable 
spectrum resources [22]. In the process of mobility, if the user needs to switch BSs 
to improve communications quality, this is called handover [23]. 
3.1.4 Optimized transmit power control strategy 
In this Macro-Femtocell system model, Macrocell base and Femtocell BSs can be 
treated as two competing antenna BSs. The two sides take different strategies to 
obtain the user's choice. The Optimized Transmit Power Control Strategy is a price 
leadership model, and Macrocell base and Femtocell BSs have differences in their 
action order. The Macrocell BSs may first take a strategy, and then, the Femtocell 
BSs could determine their strategy, which relies on the strategy of the Macrocell 
BS [24]. Macrocell BSs are treated as the leader and the Femtocell BS the follower 
or the model. The leader will respond according to the strategy that taken by the 
follower. The strategy of the leader will maximize the profits of the follower's 
response function [25]. Finally, the load balance for these two kinds of BSs is 
realized. 
According to the above system communication quality considerations, some 
problems need to be solved below: 
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a) If use the displacement prediction to determine the system's handover decision, 
it will ignore the two antennas’ load balancing problem. 
b) Improving the performance of our system by changing the strategy of Femtocell 
BSs, but this will ignore the utilization of Macrocell BS. 
c) How can ensure Femtocell BSs share the transmission pressure but also 
guarantee the Macrocell BS system’s advantages? 
The contribution of our works can be summarized as follows: 
1) The problem of large user density in a particular area causes overload of the 
Macrocell BSs. Take the strategy of increasing transmitting power for the 
Femtocell BSs.  
2) When the user moves to the next step, the Femtocell BSs can share a certain 
load automatically. Macrocell base and Femtocell BSs could be treated as a 
leader and follower for the Optimized transmit power control strategy.  
3) According to the Optimized transmit power control strategy relationship, as the 
follower adopts the certain strategy, it need to guarantee the advantages of 
Macrocell BSs and take the best strategy that improves system utilization. 
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3.2 Proposed Mechanism 
3.2.1 The Proposed Framework 
 
Figure 3.2 Workflow of Optimized transmit power control strategy 
Figure 3 illustrated workflow of Optimized transmit power control strategy. Firstly, 
all users’ position transmitted to the data center. With unbalance of overall load of 
system, Femtocell BSs increase their transmitting power. As the Optimized transmit 
power control strategy, it could appropriately change the transmitting power of 
Macrocell BS to output the maximum reward function. Finally, the best strategy is 
obtained with Optimized transmit power control strategy.  
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3.2.2 Methodology of Optimized transmit power control strategy 
 
Figure 3.3. Basic idea of utilization scheme. It presents the objective, sub problems and 
methods 
The basic idea of utilization scheme is illustrated in Figure 2. The objective is to 
provide a utilization scheme for users in Macro-Femtocell system which strategy is 
based on Optimized transmit power control strategy. To achieve this goal, dividing 
this objective into two sub problems. The first one is providing strategy to keep load 
balance of system. And the second one is to ensure Femtocell BSs to share the 
transmission pressure, and at the same time to guarantee the Macrocell BS’s 
advantages. To solve the first sub problem, this dissertation proposed to change the 
strategy of Femtocell BS. Also, according to Optimized transmit power control 
strategy relationship, changing Macrocell BS’s strategy to address the second sub 
problem. 
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3.2 Optimized transmit power control strategy 
 In Optimized transmit power control strategy, competitors are equal in 
opportunity, so their behavior is similar. Moreover, their decisions are simultaneous. 
When one competitor makes decision, it does not know the decision of the other 
competitors. But in fact, from a certain point of view, the choice of opportunities is 
not equal due to the order of choice. Usually, one competitor first observes the 
behavior of the other competitors. The hypothesis of the model is that the dominant 
competitor knows that following other competitors will certainly react to its strategy, 
so when determining its strategy, so when it determines the strategy, it takes into 
account the competitor's response. 
The establishment of the Femtocell BS relies on covering the blind spot of the 
Macrocell BS’s coverage. Assume that user density is large in the area close to the 
Macrocell BS and select Macrocell BS as its transmission station. As the user's 
mobility speed is limited, according to the Markov selection process, the next step 
of the user's choice is still the Macrocell BS, as the Macrocell BS’s burden is always 
heavy. In the process of two selections, as the Femtocell BS is far from the distance 
of the user, it could not bear the load task. Considering the system, judge that the 
system load is not balanced. 
Additionally, in the model of Macro-Femtocell BSs, some Femtocell BSs are 
usually set within the coverage of one Macrocell BS. In the process of mobility, the 
user usually needs to face the problem of choices within these BSs. 
Use the Optimized transmit power control strategy to solve the problems that are 
encountered in the system load. Macrocell base and Femtocell BSs could be treated 
as the two sides of the game. The two BSs need to take different strategies for the 
user's choice, while at the same time, the strategies will improve the system’s 
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transmission quality. In other words, the user will change its selection to the active 
component of the BS. 
In this Optimized transmit power control strategy, the basic notations and 
definitions are listed in Table 1. 
TABLE 3.1 BASIC NOTATIONS AND DEFINITIONS 
Notations Meaning 
EM Signal strength that the user could receive from the Macrocell BS 
EF(n) Signal strength that the user could receive from the Femtocell BS 
n n Femtocell BSs set in system 
PM Transmit power of Macrocell BS 
PF(n) Transmit power of Femtocell BS 
RM The distance between the user and the Macrocell BS. 
RF(n) Distance between user and Femtocell BS 
β Path loss parameter 
ξ Gaussian distributed random variable  
RSSM Signal strength that the user could receive from the Macrocell BS in the competition model 
RSSF(i) Signal strength that the user could receive from the Femtocell BS in the competition model 
DM Power density of Macrocell BS 
DF(i) Power density of Femtocell BS 
VM Reward function 
When the user located among the coverage of one single BS, the received signal 
strength is represented by: 
   𝐹𝐹𝑀𝑀 = 𝑃𝑃𝑀𝑀𝑅𝑅𝑀𝑀−𝛽𝛽10 𝜉𝜉10         (3.3) 
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   𝐹𝐹𝐹𝐹(𝑛𝑛) = 𝑃𝑃𝐹𝐹(𝑛𝑛)𝑅𝑅𝐹𝐹(𝑛𝑛)−𝛽𝛽 10 𝜉𝜉10        (3.4) 
EM represents the signal strength that the user could receive when the transmission 
BS is a Macrocell BS. When the user is faced with a single Femtocell BS, the signal 
strength which user received could be presented by EF(n). The transmit power of the 
Macrocell BS is PM. Use PF(n) represent the transmitting power of the Femtocell BS 
F(n). In this model, n Femtocell BSs are working for users. RM represents the 
distance between the user and the Macrocell BS. RF shows the distance from the 
user to the Femtocell BS. β indicates the path loss parameter. ξ is represented as a 
Gaussian distributed random variable. 
Since signal is transmitted using a broadcast, in a Macro-Femtocell system, when 
the user sends a request to all the BSs in the system, all the BSs will transmit a 
signal to the user. The user can only select the BS that supplies the highest signal 
strength. In the system, other BSs that also match the user’s request will be regarded 
as interference BSs. The signal strength received by the user from the interference 
BSs will be treated as noise. 
In the Markov selection process, when the user selects the Macrocell BS as the 
transmission BS, all Femtocell BSs could be treated as interference BSs. The signal 
strength RSSM from the Macrocell BS could be presented by 
   𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀 = 𝐹𝐹𝑀𝑀 −  ∑ 𝐹𝐹𝐹𝐹(𝑛𝑛)𝑛𝑛        (3.5) 
In the same way, if the user selects Femtocell I BS as the transmission BS, the 
Macrocell BS and N-1 Femtocell BSs will be the interference BSs, the signal 
strength RSSF(i) which received from i th Femtocell BS could be presented by: 
     𝑅𝑅𝑅𝑅𝑅𝑅𝐹𝐹(𝑖𝑖) = 𝐹𝐹𝐹𝐹(𝑖𝑖) − 𝐹𝐹𝑀𝑀 −  ∑ 𝐹𝐹𝐹𝐹(𝑛𝑛)𝑛𝑛≠𝑖𝑖       (3.6) 
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For both participants involved in the competition, the policy adopted by the BSs 
will be treated as the standard for the BS selection. In this model, assume that the 
two BSs are relatively independent, they constitute non-cooperative competition 
model. 
Three elements of Optimized transmit power control strategy can be defined as 
follow. 
a) Participants 
There are two kinds of BSs, one Macrocell BS M and n Femtocell BSs F(n). 
b) Policy Space 
Assume that in the Macro-Femtocell system, according to the Markov selection 
process, the number of Macrocell BS users is greater, the users’ density is 
substantial, and the load of the Macrocell BS is greater than the range that it can 
afford. Moreover, due to the parameters of the Femtocell BS, it cannot share the 
Macrocell BS’s load, so the competition of the two strategies needs to improve the 
quality of the transmission signal. 
The Macrocell BS is the leader in the competition model, and because of the 
Markov selection process, the Macrocell BS initially occupies all users. Therefore, 
the Macrocell BS’s load is too large, and the system’s overall load is unbalanced. 
As the user's mobility speed is limited, hope that the user can automatically 
handover BSs during the mobility process, but it cannot quickly alleviate the 
pressure of the Macrocell BS. To push Femtocell BSs to enter the users’ market, 
Femtocell BSs will increase their transmitting power. By increasing its power, a 
Femtocell BS will increase its received signal strength. However, increasing power 
will also increase the interference signal strength. Therefore, by adding power in 
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this model, our policy can entice more users to select the Femtocell BS to avoid 
load unbalance. Thus, increasing power can be optimized as well as the tradeoff 
between increasing received signal strength and interference signal strength. 
To solve the load balancing problem, the transmitting power of the Femtocell BS 
will be appropriately increased. As the users’ movement is random, we can adjust 
the transmitting power of the Femtocell BS. The optimal result would be like that 
when the motion trend of the next step for the Femtocell BS, causes the user to 
select the Femtocell BS. To achieve this target, increase the BS’s transmitting power 
with the lowest received signal. We can identify this user located in the critical state. 
The minimum signal strength determines the effective coverage of the BS. The 
larger the coverage area is, the greater the load capacity of the BS will be. In this 
model, use power density to represent the load capacity of the BS. 
The power density function DM of the Macrocell BS can be expressed as: 
𝐷𝐷𝑀𝑀 = 𝐸𝐸𝑀𝑀𝑅𝑅𝑀𝑀2            (3.7) 
The power density function DF(i) of the I Femtocell BS can be expressed as: 
   𝐷𝐷𝐹𝐹(𝑖𝑖) = 𝐸𝐸𝐹𝐹(𝑖𝑖)𝑅𝑅𝐹𝐹(𝑖𝑖)2         (3.8) 
c) Reward function 
According to the strategy of the Macrocell BS, the Femtocell BS has a strategy of 
improving its communication service. As the dominant part of the model, the 
Macrocell BS should take into consideration the strategy of the Femtocell BS with 
the transmission task, so that the overall transmission quality of users is highest. 
Therefore, it must ensure that the Macrocell BS is in the competition model to 
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incorporate its advantages. The reward function VM of the system can be defined as 
follows: 
𝑉𝑉𝑀𝑀 = 𝑅𝑅𝐼𝐼𝑁𝑁𝑅𝑅𝑀𝑀 = 𝐷𝐷𝑀𝑀∑ 𝐷𝐷𝐹𝐹(𝑖𝑖)+𝑁𝑁0𝑖𝑖           (3.9) 
3.3 Simulation Results 
The system improves the service quality of the system by increasing transmitting 
the transmitting power of the Femtocell BS and ensures the load balance between 
the Macrocell base and Femtocell BSs. It needs to find the optimal transmission 
power of the Femtocell BS. Simulate the Optimized transmit power control strategy 
process using Matlab. 
In this simulation, the 3GPP model has been used. In the transmission of this case, 
it mainly considers path loss, the Gaussian distributed random variable with a mean 
of zero and a standard deviation up to 12 dB. 
Assume the following: 
a) The channel correlation bandwidth is greater than sub-channels, and each sub-
channel decline in all sub-carriers is constant. 
b) The user access is closed.  
c) In the transmission process, a user can only choose one BS. 
d) Each variable will simulate 1000 times and take the average. 
Channel attenuation model was used in my simulation, the large-scale attenuation 
this dissertation uses lognormal model 
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𝑝𝑝(𝑥𝑥) = 1
𝑥𝑥𝑥𝑥√2𝜋𝜋 𝐼𝐼− (𝑙𝑙𝑛𝑛 𝑥𝑥−𝜇𝜇) 22σ2  
where μ= 10, σ= 1.2; the small-scale attenuation this dissertation uses Rayleigh 
model 
𝐼𝐼(𝑧𝑧) =  𝑧𝑧
𝑥𝑥2
 𝐼𝐼𝑥𝑥𝑝𝑝 (−  𝑧𝑧22𝑥𝑥2) 
where σ= 1. 
All the parameters that used in this simulation are presented in Table 3.2. 
Table 3.2 Simulation Parameters 
Parameter Value 
Path loss exponent β 2 
Transmitting power of Macrocell 
BS PM 
300 W 
Transmitting power of Femtocell 
BS PF 0-2 W 
Coverage of Macrocell RM 1000 m 
Coverage of Femtocell BS RF(n) 
100 m, 150 
m,  
200 m 
Transmitting power of Femtocell 
BS PF1 0-1.6 W 
Transmitting power of Femtocell 
BS PF2 
0-1.6 W 
Coverage of Femtocell BS RF1 100 m 
Coverage of Femtocell BS RF2 120 m 
Firstly, set one Macrocell base and one Femtocell BS in this system. By increasing 
the transmitting power of the Femtocell BS, it needs to find the optimum range of 
the system that could be upgraded.  
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The user’s mobile orientation mostly involves the selection scenario of one 
Macrocell BS and one Femtocell BSs. In the second simulation model, scenario of 
one Macrocell BS and two Femtocell BSs.  With the different strategy of 
transmission power that Femtocell BSs adopt, find the optimal handover scheme 
among the three sides. 
 
Fig. 3.4 Coverage of Macrocell BS and Femtocell BS are 100m, 150m, 200m respectively 
when log-normal model μ2=100 and σ2=1 
 
Fig. 3.5 Coverage of Macrocell BS and Femtocell BS are 100m, 150m, 200m respectively 
when log-normal model μ2=100 and σ2=1.2 
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Fig. 3.6 Coverage of Macrocell BS and Femtocell BS are 100m, 150m, 200m respectively 
when log-normal model μ2=100 and σ2=1.5 
 
Fig. 3.7 Coverage of Macrocell BS and Femtocell BS are 100m, 150m, 200m respectively 
when rayleigh model σ2=1 
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Fig. 3.8 Coverage of Macrocell BS and Femtocell BS are 100m, 150m, 200m respectively 
when rayleigh model σ2=1.2 
 
Fig. 3.9 Coverage of Macrocell BS and Femtocell BS are 100m, 150m, 200m respectively 
when rayleigh model σ2=1.5 
From Figure 3.4 to Figure 3.9, simulate the competition model which consists of 
one Macrocell BS and one Femtocell BS. With the increase of the Femtocell BS 
transmit power, set the first critical state distance between the Femtocell BS and 
users at 100 meters. When the transmitting power is increased to 0.3 W, the 
transmission efficiency of the system is the highest and the load balance is 
optimized. As the transmitting power increases, the transmission efficiency of 
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Femtocell BS increases, but load efficiency of system decreases. If it is in the area 
where the distance between the Femtocell BS and users is 150 meters, Macrocell 
users’ density is very high, and take a strategy of increasing the Femtocell BS’s 
transmitting power to 0.68 W. In the same way, if it needs to improve local service 
quality 200 meters from the Femtocell BS, the Femtocell BS’s transmission power 
needs to be upgraded to 1.2 W. 
 
Fig. 3.10 Competition among one Macrocell BS and two Femtocell BSs (RF1= 100m, RF2= 
120m). 
Figure 3.10 shows us the result of the competition model that involves one 
Macrocell BS and two Femtocell BSs. As the Optimized transmit power control 
strategy, to improve the transmission quality of the system, the Femtocell BS adopts 
the strategy to increase its transmitting power, but it also needs to guarantee optimal 
load efficiency. Assume that there is a region in the system that is 100 meters from 
the Femtocell BS F1 and 120 meters from the Femtocell BS F2. To improve the 
transmission signal strength and load efficiency of this region, the best Femtocell 
BS F1 transmit power is 0.8 W, and the Femtocell BS F2 transmit power of is 0.3 W. 
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When users’ density is large in a certain area, take the strategy of increasing 
Femtocell BS’s transmitting power, the power amplification could be based on the 
distance which is between users’ location and Femtocell BSs. In this way, the 
strategy will improve the transmission quality of the system, and the utilization rate 
of system could be the highest. 
3.4 Conclusion 
When an unbalanced load is caused by multi-users random mobility, a solution 
based on the relation of Optimized transmit power control strategy is proposed. By 
increasing the transmitting power of the Femtocell BS, the best option for load 
efficiency is obtained by the transmission service quality of the system. 
Additionally, a multi-strategy model is used to derive the optimal solution for the 
scenario with one Macrocell BS and plurality of Femtocell BSs. Optimized transmit 
power control strategy selection process provides an efficient basis for the users to 
have a best strategy to guarantees the system’s quality and realizes the rational 
allocation of system resources. 
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Chapter 4 
A Novel BS Selection Strategy for 
Cellular Communications 
Summary 
In this Chapter, A Novel BS Selection Strategy for Macro-Femtocell system was 
proposed. According to the user's moving direction and moving speed, this 
dissertation proposed a method to predict the probability of the next step 
displacement. As the users compete the Femtocell BS resources, the sorting of users 
can get different sorting sequences. By comparing the maximum value function for 
each strategy, it can obtain the best BS choice solution. 
4.1 Introduction 
Wireless cellular technology utilizing cellular BS relays for data transmission 
between users or data centers and among vehicles over a wide area. Normally, there 
are two kinds of BSs for wireless cellular technology. On one hand, Macrocell BS 
has large transmission power and wide coverage, it can meet a wide range of user 
requirements. On the other hand, the Macrocell BS signal is usually blocked by the 
building during the movement of the user, even in the large numbers of users' density, 
the Macrocell signal is greatly interfered. Therefore, setting up a Femtocell BS in 
the blind spot of Macrocell BS can improve signal transmission quality in a specific 
area. The distance between the user and the BS is inversely proportional to the RSS, 
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so the RSS obtained from the Femtocell BS is more stable and higher. However, the 
Femtocell BS has a lower transmit power, so coverage is limited. With the 
cooperation of two kinds of BSs, Macro-Femtocell system can provide stable signal 
transmission services. When the user is in motion, it need to select the appropriate 
BS to provide the effectively transmission service. 
In previous work, a reinforcement learning based Markov decision policy for BS 
selection was studied in [26]. The differences between the previous work and this 
paper as follows. Firstly, this paper consider that the Femtocell BS has usage limit. 
Secondly, the precious work did not consider random mobility of vehicle, predict 
the position of the vehicles' next action. Finally, in this system, each vehicle's action 
is independent, and the choices made by each vehicle will affect the communication 
quality of system. It is needed to make the optimal BS selection strategy according 
to Markov decision policy. 
With the choice of BS, face the following problems: 
1) Since the randomness of random movement. It is difficult to predict the user's 
next position. 
2) With the inefficient BS selection, when the Femtocell BS is overloaded, 
unnecessary interference and signal interruption will be generated. 
To address above problems, this dissertation proposes a method to formulate the BS 
selection as a Markov decision problem. The contributions of our work can be 
summarized as follows: 
1) Predict the RSS from two kinds of BSs based on the current state of the user. 
2) Use Markov Decision Policy to predict all BS selection possibility sequences 
and get the most appropriate selection sequence. 
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Since in this paper, it mainly considered the prediction of multi-user BS selection. 
If combined with the analysis of the existing state of the user, according to our 
proposed BS selection strategy, it can also be used for pre-judgement of handover 
option with each user in the system. 
4.2 Related Work 
Due to the limitation of bandwidth in the real world, network congestion may be 
unavoidable. Therefore, it needs to improve the antenna to help expand the 
bandwidth. [27] explains how to mount an antenna on a vehicle. It can improve the 
communication quality with the vehicle antenna device. After all, this improvement 
is limited. Only antenna BSs can effectively improve the network environment. The 
Macro-Femtocell system provides us with a solution. In the whole system, how to 
effectively allocate network resources and avoid network delay is introduced in [28]. 
The use of biomimetic approach for self-organization in Macro-Femtocell system 
was introduced in. Decisive radios were used to train their system by their policies 
when a new node joined the network. The designing self-organization could adapt 
Macrocell BS's tilts. [29] provided a solution for Femtocell BS handover. They 
advised to expand the coverage of antenna to improve system performance. A 
distanced-based handover scheme was discussed in [30]. The threshold could be 
calculated by antenna's overlaid area. With the handover decision between 
Femtocell BSs, [31] used Markov decision problem to obtain channel allocation 
policy which proposed the optimal antenna handover decision. 
4.3 Background and Preliminaries 
4.3.1 Macro-Femtocell System 
Since the invention of the Femtocell was intended to compensate for the blind spots 
and edges of Macrocell BS's coverage, it will improve the service quality of network 
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[32]. Hence, choose a model combinate with one Macrocell BS and several 
Femtocell BSs. The Macrocell BS serves as one of the transmission stations that 
users can select. The BS plays the role of overall control [33]. All upstairs request 
and resource allocations will be processed through the Macrocell BS. The setting of 
the Femtocell BSs will be located within the coverage of the Macrocell BS [34]. On 
the one hand, this approach could strengthen the surrounding signal strength. On 
the other hand, it could share the transmission pressure of the Macrocell BS. Thus, 
set the Macrocell BS to occupy the dominant position, which also has the function 
of data statistics and unified deployment of communication resources [35]. 
4.3.2 Optimization Model 
Optimization model considers the predictive behavior and actual behavior of 
individuals in the model and studies their optimization strategies [36]. Different 
interactions on the surface may exhibit similar incentive structures, so they are a 
special case of the same model [37]. As in the choice of BS, it needs to consider the 
actual behavior and predictive behavior of the vehicles and show similar incentive 
structures through different interactions between Macrocell BSs and Femtocell BSs 
[38]. 
4.3.3 Markov Decision Policy 
In probability theory and statistics, the Markov decision policy provides a 
mathematical architecture model for how to make decisions in a state where part of 
the randomness is partially controlled by the decision maker [39]. For a system, 
there is a transition probability from one state to another, and this transition 
probability can be derived from the immediately preceding state. Therefore, 
determine the best BS selection strategy by combining the transfer function of the 
BS condition in the Macro-Femtocell system. 
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4.4 Proposed Mechanism 
4.4.1 Assumptions 
 
Figure 4.1 Macro-Femtocell System 
As shown in Figure 4.1, the system will compare the power of RSS from all BSs 
when the user is in motion. According to the compared RSS report from the user, 
the system will allocate the matched antenna resource to them. Although the BS is 
taking a broadcast form to transmit signals, one user can select only one BS as its 
own transmission BS. 
In this paper, by taking the dedicated bandwidth allocation strategy. The bandwidth 
of Macrocell BS and Femtocell BS is different. And adjacent Femtocell BSs will 
also be allocated different bandwidth. Thus, the transmission from Macrocell BS to 
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Femtocell BS will not interfere with each other. The dissertation mainly discusses 
the BS selection of users in the case of a Macrocell BS and a Femtocell BS. 
Suppose there are n users in the Macro-Femtocell system. The transmission power 
of the Macrocell BS is EM, and the transmission power of the Femtocell BS is EF. 
The RSS of jth (j= 1,2,3...n) user could be presented: 
  𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀 = 𝐹𝐹𝑀𝑀𝑑𝑑𝑀𝑀−𝛽𝛽ℎ𝑀𝑀10 𝜉𝜉10       (4.1) 
    𝑅𝑅𝑅𝑅𝑅𝑅𝐹𝐹𝑛𝑛 = 𝐹𝐹𝐹𝐹𝑛𝑛𝑑𝑑𝐹𝐹𝑛𝑛−𝛽𝛽ℎ𝐹𝐹𝑛𝑛10 𝜉𝜉10       (4.2) 
Where the RSSMj represents the signal strength which the jth user could receive 
when the user treats the Macrocell BS as its transmission station. When the jth user 
selects the Femtocell BS, the signal strength that user received could be presented 
by the RSSFj. dMj represents the distance between the user and the Macrocell BS; dFj 
could also show the distance from the user to the Femtocell BS; hM and hF donate 
the channel gains from the Macrocell BS and Femtocell BS, respectively β denotes 
the path loss exponent. In the pass loss model, apply the Okumura Hatta model in 
the large-scale fading channel, which represents the shadow fading, subject to 
Gaussian distribution. Among them, 12dB is the fading tolerance. Therefore, ξ is 
described as a Gaussian distributed random variable with a mean of zero and a 
standard deviation up to 12dB [40].   
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4.4.2 Methodology of Markov Decision Policy 
 
Figure 4.2 Basic idea of BS selection. It presents the objective, sub problems and methods 
The basic idea of BS selection is illustrated in Figure 4.2. The objective of this paper 
is to provide a BS selection for users. The strategy is based on Markov decision 
policy. To achieve this goal, divided this objective into two sub problems. The first 
one is providing strategy to support the BS selection. And the second one is 
providing approach to address the complicated decision problem in BS selection. 
To solve the first sub problem, it is needed to propose a method to predict the 
probability of next second displacement and achieve RSS. Also, the proposed 
Femtocell BS's redundancy as the probability of Femtocell BS selection to address 
the second sub problem. 
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4.4.3 The Proposed Framework 
 
Figure 4.3 Workflow of Markov Decision Policy 
Figure 4.3 illustrated workflow of Markov decision policy. Firstly, all users' speed 
and direction of motion are transmitted to the data center. Then the expected RSS 
from the two kinds of BS is first obtained from the existing user state which will be 
based on our proposed. As Markov decision policy, the two kinds of signal strength 
are used as a benefit of BS selection. Then all users are arranged in order. After that 
all users compete with the Femtocell BS resources. And finally, the best selection 
strategy is obtained through different permutations and combinations. 
4.4.4 Markov Decision Policy 
In Markov decision policy, treat the two choices of user, Macrocell BS choice and 
Femtocell BS choice. There are the two states in Markov decision policy. 
 54 
 
Figure 4.4 Markov Decision Process Optimal Policy 
The proposed BS selection policy which is based on Markov decision policy can 
use priority selection of BS to solve this problem. 
Markov Decision Policy:  
Each selection of BS is independent, the current selection is only depending on the 
previous selection. For users, the have only two choices: keep the current state or 
transfer to another state. 
For Macrocell BS users, the next second the probability to keep the current selection 
is PMM, the next second the probability to transfer to Femtocell BS is PMF. As the 
same way, for Femtocell BS users, the next second the probability to keep the 
current selection is PFF, the next second the probability to transfer to Macrocell BS 
is PFM. 
So evaluation function of Macrocell BS users: 
𝛱𝛱𝑗𝑗 = argmax��𝑃𝑃𝑀𝑀𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝐹𝐹𝑗𝑗�, �(1 −  𝑃𝑃𝑀𝑀𝑀𝑀)𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀𝑗𝑗��    (4.3) 
Evaluation function of Femtocell BS users: 
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𝛱𝛱𝑗𝑗 = argmax��𝑃𝑃𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝐹𝐹𝑗𝑗�, �(1 −  𝑃𝑃𝐹𝐹𝐹𝐹)𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀𝑗𝑗��     (4.4) 
 
4.5 Predict Received Signal Strength 
As the jth user moves randomly in Macro-Femtocell system, predict the location of 
next step. 
 
Figure 4.5 Polar coordinate system 
Figure 4.5 shows, as the system provided path, the possibility that user moves along 
the direction of the previous step is very high; possibility moving of the opposite 
direction is very low. The next possible movement location could be treated as a 
circle. As the vehicle currently at the "position a" and move to the "position b" in 
the next second. So, define the displacement as a vector, in the next second the 
"position c" of the user can be described as a circle. The center of circle is "position 
b", and the average mobility velocity r is the radius of circle.  
Since the user's motion is random, in reality, the prediction of the user's motion 
direction within 1 s uses the location distribution function： 
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𝑃𝑃𝑑𝑑 = ∫ �1 − 𝜃𝜃−𝜃𝜃02𝜋𝜋 �𝜃𝜃+𝜋𝜋𝜃𝜃  +∫ �1 − 𝜃𝜃0−𝜃𝜃2𝜋𝜋 �𝜃𝜃𝜃𝜃−𝜋𝜋   (4.5) 
where 𝜃𝜃 presents moving direction of user, 𝜃𝜃0 prsents moving direction at current 
state. 
It is assumed that the average mobility velocity of the user is r m/s which is 
according to the statistics of the Macrocell BS database. The "position c" of the user 
could be expressed as a circle. "Position b" could be the center of the circle, and r 
will be the circle's radius. 
The coordinates in polar coordinate system could be presented by: 
Table 4.1. Coordinates in polar coordinate system 
Position b  (0,0) 
Position c  (𝑑𝑑𝑗𝑗 , 𝜃𝜃𝑗𝑗) (𝜃𝜃𝑗𝑗∈0-2𝜋𝜋) 
Macrocell BS  (𝑑𝑑𝑀𝑀 , 𝜃𝜃𝑀𝑀) (𝜃𝜃𝑀𝑀∈0-2𝜋𝜋) 
Femtocell BS  (𝑑𝑑𝐹𝐹 , 𝜃𝜃Ｆ) (𝜃𝜃𝐹𝐹∈0-2𝜋𝜋) 
Where dM presents distance between Macrocell BS and Position b, dF presents 
distance between Femtocell BS and Position b, dj means Number j user's moving 
distance. cF means coverage of Femtocell BS, hM means Macrocell BS channel gain, 
hF means Femtocell BS channel gain. 
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Thus, Predict the received signal strength RSSMj obtained by the jth user from the 
Macrocell BS in the next second: 
𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀𝑗𝑗 = 12𝜋𝜋 ∫ 𝑃𝑃𝑑𝑑𝐹𝐹𝑀𝑀2𝜋𝜋0 ℎ𝑀𝑀 �(𝑑𝑑𝑀𝑀 cos𝜃𝜃𝑀𝑀 − 𝐼𝐼𝑟𝑟 cos𝜃𝜃𝑟𝑟)2 +  �𝑑𝑑𝑀𝑀 sin 𝜃𝜃𝑀𝑀 −
𝐼𝐼𝑟𝑟 sin 𝜃𝜃𝑗𝑗�2�−𝛽𝛽 10 𝜉𝜉10          (4.6) 
Predict the received signal strength RSSFj obtained by the jth user from the 
Macrocell BS in the next second: 
𝑅𝑅𝑅𝑅𝑅𝑅𝐹𝐹𝑗𝑗 = 12𝜋𝜋 ∫ 𝑃𝑃𝑑𝑑𝐹𝐹𝐹𝐹2𝜋𝜋0 ℎ𝐹𝐹 ��𝑑𝑑𝐹𝐹 cos𝜃𝜃𝐹𝐹 − 𝐼𝐼𝑟𝑟 cos𝜃𝜃𝑗𝑗�2 +  �𝑑𝑑𝐹𝐹 sin𝜃𝜃𝐹𝐹 −
𝐼𝐼𝑟𝑟 sin 𝜃𝜃𝑗𝑗�2�−𝛽𝛽 10 𝜉𝜉10          (4.7) 
To design this Markov decision model, the basic notations and definitions are listed 
in Table 4.1. 
Table 4.2 Basic Notations and Definitions 
Notations  Meaning 
RSSM The signal strength which comes from Macrocell BS 
RSSF The signal strength which comes from Femtocell BS 
EM Macrocell BS transmit power  
EF Femtocell BS transmit power 
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hMF Channel gains respectively from Fmetocell BS 
hFM Channel gains respectively from Macrocell BS 
dM Distance between user and Macrocell 
dF Distance between user and Femtocell 
β Path loss parameter 
ξ Gaussian distributed random variable  
RM Displacement probability function based on the Macrocell BS selection 
RF Displacement probability function based on the Femtocell BS selection 
θ Angle between user and the positive direction 
θ0 Angle of previous step of motion  
θM Angle of Macrocell BS  
θF Angle of Femtocell BS  
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Pm Reward from selection of Macrocelll BS 
Pf Reward from selection of Femtocell BS 
HM Power density function of Macrocell BS selection 
HF Power density function of Femtocell BS selection 
We focus on the current position of users. 
 
Figure 4.6. Situation a. when 𝒅𝒅𝑭𝑭 > 𝒅𝒅𝒋𝒋 + 𝒄𝒄𝑭𝑭 
Situation a. 
The current position of users is far from Femtocell BS, the probability of transfer from Macrocell BS to Femtocell BS is 0. So the BS selection is Macrocell BS. 
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Figure 4.7 Situation b. When 𝒅𝒅𝑭𝑭 < 𝒄𝒄𝑭𝑭 − 𝒅𝒅𝒋𝒋 
Situation b. 
The current position of users is close Femtocell BS, the probability of transfer from Femtocell BS to Macrocell BS is 0. So, the BS selection is Femtocell BS. 
 
Figure 4.8. Situation c. When 𝒄𝒄𝑭𝑭 − 𝒅𝒅𝒋𝒋 < 𝒅𝒅𝑭𝑭 < 𝒅𝒅𝒋𝒋 + 𝒄𝒄𝑭𝑭 
Situation c 
The current position of users has the probability to reach the coverage of Femtocell BS. The probability to move in coverage of Femtocell BS could be presented by intersection probability of user motion trajectory in Femtocell BS coverage. It could be treated as the trigonometric function problem. 
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Figure 4.9. Intersection probability of user motion trajectory in Femtocell BS coverage 
Thus, the probability to move in coverage of Femtocell BS could be presented by: 
𝑃𝑃𝐹𝐹 = 2𝜎𝜎2𝜋𝜋 = cos−1𝑑𝑑𝑗𝑗2+𝑑𝑑𝐹𝐹2−𝑐𝑐𝐹𝐹22𝑑𝑑𝑗𝑗𝑑𝑑𝐹𝐹𝜋𝜋       (4.8) 
 
4.6 Simulation Results 
In Markov Decision Policy, future states only depend on the current state rather than 
the former one. To apply Markov decision policy to formulate BS selection process, 
it is needed to define network states, actions, transition probability and value 
function. With the comparison with combined value function, make an optimal 
decision. The details are described as follows. 
a) States: 
In state S, n users sorted in order with all permutations and combinations. Select the 
Femtocell BS for the first user. Hence, there is a total of n! Sort results in the state 
S. 
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b) Action: 
When the user moves, the Macrocell BS will allocate the respond resource 
according to the current state S. In this paper, the action A could be presented by: 
A=  �{𝑀𝑀}, {𝐹𝐹}�  (4.9) 
Where M means that the system selects the Macrocell BS as the communication BS; 
F indicates that the system selects the Femtocell BS as the communication BS. 
c) Transition Probability: 
For Macrocell BS users, the next second the probability to keep the current selection 
is PMM, the next second the probability to transfer to Femtocell BS is PMF. As the 
same way, for Femtocell BS users, the next second the probability to keep the 
current selection is PFF, the next second the probability to transfer to Macrocell BS 
is PFM. 
d) Value Function: 
In the Markov selection strategy, each state selection corresponds to a corresponding 
probability, and each selection made is corresponding to a rewarded. Therefore, 
multiplying the probability by reward is the expectation of this choice. The quality 
judgement of choice is to sum the expectation of each choice, which is the value 
function. In this dissertation, the value function can also be understood as the 
expected received signal strength sum of the user selection state in the system. The 
reward is obtained after the choice of user. The reward function could be treated as 
RSS as the function 4.1and 4.2 shows. 
Therefore, during the operation of the user, the best strategy chosen by the BS is π.  
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𝛱𝛱𝑗𝑗 = argmax��𝑃𝑃𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝐹𝐹𝑗𝑗�, �(1 −  𝑃𝑃𝐹𝐹)𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀𝑗𝑗��    (4.10) 
The predicted signal strength of the next location can be treated as a reward and use 
the redundancy of the BS to determine the correct BS selection. It can not only 
guarantee the quality of signal transmission, but also avoids excessive Femtocell 
BS load. 
With the consider of channel limited number of Femtocell BS. With the BS results, 
it is necessary to check the Femtocell BS’s load. 
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Figure 4.10 Flowchart of channel load evaluation 
As the limit channel number of Femtocell BS, arrange all Femtocell BS selection 
users’ RSSF from high to low. The Femtocell BS channel number is F. Output first 
F Femtocell Selection users 
 
 65 
4.7 Simulation Results 
Due to the limited speed of the user, if the user is closer to the Macrocell BS, the 
probability of handover to the Femtocell BS in the next second is small. Similarly, 
if the user is very close to the Femtocell BS, the next second is less likely to move 
to the Macrocell BS, but the user can prefer the Femtocell BS preferentially. 
In the existing selection method, the user selects the larger one for the predicted 
RSS of the two BSs. Therefore, the choice of users at critical locations is mainly 
discussed in the coverage of Macrocell BSs and Femtocell BSs. Since the user 
reward function is related to the speed and the direction, the BS selection of the user 
is according to different running speeds and direction of motion. In the critical area 
it discuss the average RSS in the system when using the Markov decision policy 
and the non-Markov decision policy if the user selecting the Femtocell BS exceeds 
the user limit. 
Channel attenuation model was used in my simulation, the large-scale attenuation 
this dissertation uses lognormal model 
𝑝𝑝(𝑥𝑥) = 1
𝑥𝑥𝑥𝑥√2𝜋𝜋 𝐼𝐼− (𝑙𝑙𝑛𝑛 𝑥𝑥−𝜇𝜇) 22σ2  
where μ= 10 ,  σ= 1.2; the small-scale attenuation this dissertation uses Rayleigh 
model 
𝐼𝐼(𝑧𝑧) =  𝑧𝑧
𝑥𝑥2
 𝐼𝐼𝑥𝑥𝑝𝑝 (−  𝑧𝑧22𝑥𝑥2) 
where σ= 1. 
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Assume that there are 150 users randomly distributed in the coverage of Femtocell 
BS. The Femtocell BS can be used up to 100 users. Set user's speeds 2m/s, 4.5m/s, 
30m/s. At the speed of the previous step, the marked dot in the figure represents the 
real value obtained by the simulation, then the values are normalized to the line in 
the figure. 
Simulate the BS selection problem using MATLAB. And all the parameters which 
used in this simulation are presented in Table 4.2. Here, set hM= hF. 
Table 4.3 Simulation Parameter 
Parameter Value 
Path loss exponent β 2 
Transmitting power of Macrocell EM 30w 
Transmitting power of Femtocell EF 300mw 
Coverage of Macrocell 1000 m 
Coverage of Femtocell 100 m 
Femtocell BS channel number F 50 
Channel Bandwidth 1 MHz 
Mean μ of Log-normal distribution 10 
Standard deviation σ of Log-normal 
distribution 
1.2 
Standard deviation σ of Rayleigh distribution 1 
Speed of user’s mobility 1.5, 4, 22m/s 
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Figure 4.11 Moving speed of users are 1.5 m/s, 4 m/s, 22 m/s respectively when μ2=100 
and σ2=1 
 
Figure 4.12 Moving speed of users are 1.5 m/s, 4 m/s, 22 m/s respectively when μ2=100 
and σ2=1.2 
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Figure 4.13 Moving speed of users are 1.5 m/s, 4 m/s, 22 m/s respectively when μ2=100 
and σ2=1.5 
 
Figure 4.14 Moving speed of users are 1.5 m/s, 4 m/s, 22 m/s respectively when σ2=1 
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Figure 4.15 Moving speed of users are 1.5 m/s, 4 m/s, 22 m/s respectively when σ2=1.3 
 
Figure 4.16 Moving speed of users are 1.5 m/s, 4 m/s, 22 m/s respectively when σ2=1.6 
Assume the speed of mobility is 1.5 m/s (low speed), where θ0 means the user's 
displacement angle of the previous step, randomly setting these variables. In Figure 
4.10 - Figure 4.15, the three different colors represent the different moving speed. 
The advantage of traditional BS selection policy is not obvious in low speed 
environment. 
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If the moving speed increase to 4 m/s (middle speed), θ0 is randomly set, there is a 
little efficient improvement with traditional BS selection policy in the middle speed. 
Then assume that the speed of mobility reaches to 30 m/s (high speed), and θ0 is 
also randomly set. In traditional way, the selection with BS choice is efficient. So in 
the high speed, the priority of the user selecting the Femtocell BS is high. 
Hence, it can get a conclusion for Figure 4.10 - Figure 4.15. When a user makes a 
BS selection, traditional BS selection policy is difficult to make selection at low 
speeds and middle speeds and it can be solved by our proposed BS selection policy 
which is based on Markov decision policy. 
 
Figure 4.17 Evaluation average channel throughput with Markov decision process and 
non-Markov decision process 
To compare our proposal BS policy with traditional BS policy, 10-150 vehicles can 
be randomly distributed in the system. The initial motion angles of all vehicles are 
the random. Since the speed of motion is different, the expected RSS is different in 
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the next second. Assume different initial vehicle angles of motion when the running 
trend of all users is Femtocell BS. According to the traditional BS selection policy, 
the predicted BSs of all users are selected as Femtocell BSs. However, since the 
Femtocell BS has an upper limit of 50, there will be some of users selecting the 
Macrocell BS. According to our proposed Markov decision policy, the BS selection 
sequence can be proposed and get the best choice based on the value function. In 
Figure 4.17, the result of the red line is the average channel throughput obtained 
from the user under the traditional BS selection strategy. In the next second selection, 
the RSS does not change much regardless of the movement angle. However, by the 
Markov decision policy, select the higher priority user to prefer the Femtocell BS, 
and the average RSS of the user is improved. 
4.8 Optimized Utilization Scheme Applied in Automatic Driving 
System In this Chapter, I introduce an optimized utilization scheme and apply it in an automatic driving system 
Automated driving is currently a very popular topic. With the development of 
technology, automatic driving technology will be widely used in our lifetimes. 
There are still many difficulties that need to be solved. First, the laser radar used in 
DSRC technology cannot be produced by low-cost mass production. Second, if a 
driverless car faces an inevitable car accident, how does it choose between hitting a 
child or a pregnant woman? Therefore, the C-V2X of the Transportation Internet of 
Things needs to be more widely used. 
C-V2X, vehicle cellular wireless communication technology, is a new generation of 
communication technology that connects vehicles to everything. Compared with 
traditional vehicle-to-vehicle communications, C-V2X could leverage the 
comprehensive coverage of secure and well-established networks. It could also 
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support highly reliable, real-time communication services at high speeds in high-
density traffic. Ultimately, C-V2X will play a pivotal role in developing automatic 
driving technology. 
The C-V2X technology acquires information based on wireless cellular technology, 
and it analyzes the collected information to obtain the correct instructions. The 
wireless cellular technology utilizes cellular BS relays for the data transmission 
between vehicles or data centers over a wide area. 
Many related studies have proposed many different solutions. [41] provides 
evaluation basis which provided by VSNs. First, economic motivation needs to be 
analyzed, and then demand and corresponding technical support needs to be raised. 
The V2V technology also mentions the internationally accepted and potentially 
mandatory rules to ensure the vehicle's universal connectivity. [42] describes the 
development of vehicular communications. The development from Dedicated 
Short-Range Communications technology to the Cellular V2X provides many 
solutions for improving vehicle communication systems. [43] uses sensors to obtain 
real-time traffic information to indemnify vehicle safety. This technology is a type 
of optimized dedicated short-range communications technology, that can effectively 
avoid traffic jams in limited areas. However, short-range communication cannot be 
achieved if faced with long-distance blocking avoidance problems. Therefore, it is 
necessary to consider the need to supplement the cellular traffic information with 
cellular communications. [44] provides long-distance transmission using cellular 
communication systems, and intelligent transportation system is realized by 
applying load mapping and queuing theory, which can effectively cope with 
congestion problems. Through analysis and simulation, [45] shows that Cellular 
V2X (C-V2X) - technology that was developed within the 3rd Generation 
Partnership Project (3GPP) and which was designed to operate in both vehicle-to-
vehicle and vehicle-to-network modes - is a prominent technology that can achieve 
the V2X requirements and pave the way to connected and automated driving in the 
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most efficient manner. [46] analyzes the parameters of the algorithm designed by 
the 3GPP and studies their impact on the system performance. Through simulations 
in different large-scale scenarios, it can be shown that modifying some of the  
parameters has negligible effect on the system, and that the proper choice of others 
can indeed improve the quality of service; that a group of parameters allows a for 
the tradeoff between reliability with update delay. 
The Optimized Transmit Power Control Strategy adjusts the strategy to allow for 
resource selection. In the resource allocation mechanism, the Optimized Transmit 
Power Control Strategy can obtain the optimal adjustment strategy. In the C-V2X 
system, when the Femtocell BS is idle, the Optimized Transmit Power Control 
Strategy is needed to improve the utilization of the BSs. The Macrocell base and 
Femtocell BSs could be treated as the two sides of the game. The two BSs need to 
take different strategies to be selected by the user, while at the same time, the 
strategies will improve the transmission quality of system. In other words, the user’s 
selection can be changed to the active component of the BS. 
The Markov decision policy could also be applied in the C-V2X system. Because 
the Femtocell BS has an upper limit of use, even if the automatic driving controls 
the safety of the vehicle, the high user density in a limited area cannot be avoided. 
With the Markov decision policy, an optimal BS utilization strategy can be obtained. 
In addition, as the simulation results demonstrate, we conclude that the user's 
direction and travel speed can determine the priority chosen in the Markov decision 
policy. Therefore, the Markov decision policy can also be used as a learning case 
for selecting the BSs in the C-V2X system. Through machine learning, it ensures a 
reasonable distribution of network resources and provides an effective guarantee for 
automatic driving. 
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4.9 Conclusion 
According to the user's direction and speed, this dissertation proposed a method to 
predict the probability of the next step displacement. As users compete for the 
Femtocell BS resources, the sorting of users can obtain different sorting sequences. 
By comparing the maximum value function for each strategy, the best BS solution 
can be obtained. The simulation compared the effectiveness of the Markov and non-
Markov decision policies. The Markov decision policy can help us ensure the signal 
quality of the transmission system. At the same time, it guarantees that the usage 
rate of the Femtocell BS does not reach the upper limit. When a resource conflict 
occurs in the Femtocell BS area, the resources are allocated reasonably to improve 
the service quality of the system.
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Chapter 5                                                                         
Conclusion and Future Work 
Summary 
This Chapter presents the study’s conclusions and outlines the future work. 
5.1 Summary of the Dissertation 
In this dissertation, first the Optimization model and Macro-Femtocell system were 
studied. There are a few unresolved problems associated with the Macro-Femtocell 
system.  
1) First, users often choose the BS that offers the highest signal strength, which will 
cause the load of the Macrocell BS to be too large and the Femtocell BSs to be idle, 
so the system utilization rate is very low.  
2) Second, the users’ mobility is random, invalid switching decreases the 
communication quality.  
3) Third, the failure of BS selections will occur network congestion which results in 
network-load imbalances. 
This dissertation proposes an optimized efficient utilization scheme in the Macro-
Femtocell network. 
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1）A solution based on the structure of Optimized transmit power control strategy 
is proposed. By increasing the transmit power of the Femtocell BS, the best option 
for load efficiency is obtained by the transmission service quality of the system.  
2）According to the user's direction and speed, a method is proposed to predict the 
probability of the next step displacement. 
 3）As users compete for Femtocell BS resources, the sorting of users can obtain 
different sorting sequences. By comparing the maximum value function for each 
strategy, the best BS choice solution can be obtained.  
The multi-strategy is used to derive the optimal solution for the model with one 
Macrocell BS and a plurality of Femtocell BSs. The Optimized transmit power 
control strategy selection process provides an efficient basis for the users to have a 
choice through the Markov selection process. It guarantees the quality of the system 
quality and realizes the rational allocation of system resources. 
The Markov decision policy can help us ensure the signal quality of the system 
transmission. At the same time, it guarantees the usage rate of the Femtocell BS 
does not reach the upper limit. When a resource conflict occurs in the Femtocell BS 
area, the resources are allocated reasonably to improve the system's service quality. 
The optimized efficient utilization scheme in the Macro-Femtocell System could 
provide a stable network resource environment. In automatic driving, a stable 
network resource environment is the premise of correct vehicle acquisition. 
Therefore, effectively and reasonably coordinating the BS and the user's distribution 
relationship with the network resources can avoid the unnecessary waste of 
resources. At the same time, for autonomous driving technology, the efficient use of 
resource allocation can provide more effective learning cases for machine learning. 
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5.2 Future Works 
 In this dissertation, the optimized efficient utilization scheme in the cellular system 
is discussed. Future work may be on the multi-strategy for Macro-Femtocell system. 
The optimized efficient utilization scheme could be treated as one part of the neural 
network. The more optimized model could be adopted to allocate the network 
resources. More importantly, the multi-Macrocell BSs and multi-Femtocell BSs 
could be considered being in competition in future work. 
Furthermore, the further investigation and evaluation of the works in this 
dissertation need to be presented. The dissertation presented the BS selection 
strategy for the Macro-Femtocell system. However, the Markov decision policy 
could only predict one step of the system resource allocation process. The priority 
of BS selection could be obtaining and applying the training set and test set in the 
process of machine learning. With the support of machine learning for the Macro-
Femtocell system, such an advancement will be an important step in the realization 
of automatic driving.   
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